INTRODUCTION
eastern Great Basin, and the platform sequence of rocks in the Colorado Plateau to the east; overall, the area displays an east-to-west facies change and westward thickening of strata. The stratigraphic nomenclature established for rocks of the Colorado Plateau, chiefly in southern Utah and the Grand Canyon region of Arizona, differs from that used in the southern Great Basin. For this quadrangle, nomenclature from both provinces is used, but most nomenclature reflects that of the Grand Canyon region because of stratigraphic similarities and closer proximity to Grand Canyon type localities.
The Virgin River and its tributaries have dissected the northern part of the map area exposing about 2,555 m of Paleozoic strata, about 2,300 m of Mesozoic strata, and about 300 m of Cenozoic strata. The Triassic, Jurassic, and parts of the Cretaceous sections once covered the entire map area, but have been largely eroded, except where preserved under late Tertiary and Quaternary basalt flows. The highland areas of the Colorado Plateau are capped by Tertiary basalts that form tabletop mountains such as Black Rock, Wolf Hole, and Seegmiller Mountains. Tertiary basalt flows that flowed southward make up widespread deposits in the Grand Wash Trough area. Quaternary basalt flows on the Uinkaret Plateau in the southeast quarter of the map area, are a remnant of the Pleistocene landform in this area.
The oldest basalts are in the Grand Wash Trough and generally range from 6 to 4 million years in age. The youngest basalts are in the Uinkaret Volcanic Field on the Uinkaret Plateau and are generally less then 850,000 years in age ( fig. 1 , on map sheet). In general, the basalts young from west to east across the map area. None of the basalt flows are tilted, but many have been faulted. Most of the Tertiary and Quaternary basalt deposits overlie slightly tilted strata, forming an angular unconformity.
Quaternary stream deposits, wind deposits, and colluvial surficial deposits cover much of the landscape. Thick deposits of gypsum and gypsiferous siltstone and mudstone within the landslide deposits are easily removed by solution. The landslide masses containing these rocks on steep slopes beneath the basalt-capped mountains are unstable in wet conditions. Fractures and small land-failure faults, too small to show at this map scale, have developed in the basalt rims above landslides, especially on the east slopes where slippage is facilitated along east-dipping strata. Landslides date from drainage incision, probably from the early Pleistocene, and continue intermittently to the present. Gypsum, a common mineral in the bedrock of the Colorado Plateau area, is largely responsible for the failure of several earthen dams on the plateau through dissolution.
STRUCTURAL GEOLOGY
High-angle to nearly-vertical normal faults in gently tilted strata are the characteristic structures found on the Shivwits and Uinkaret Plateaus (Billingsley, 1994g, unpub. data a, b, c, d, e) . Folds are common in the St. George Basin 2 (Billingsley, 1993g, unpub. data a) . Compressional folding and regional uplift began in Late Cretaceous and early Tertiary time (Huntoon, 1990) , causing erosion from the Paleocene(?) through early Pliocene time. Basaltic deposition began during the late Pliocene(?) and continued through Pleistocene time. During the late Pliocene(?) and Pleistocene, eastwest extension produced several normal faults that form west-facing fault scarps, such as the Hurricane Cliffs. In addition, several horst-and-graben structures have offset Paleozoic and Mesozoic strata, forming north-south structurally controlled valleys (Billingsley, unpub. data a, b, c, d, e) .
Small monoclines and relatively short, doubly-plunging anticlines and synclines on the Colorado Plateau have generally northerly strikes.
The Hurricane Fault, whose fault scarp forms the Hurricane Cliffs, separates the lower Shivwits Plateau from the higher Uinkaret Plateau. The maximum displacement along the Hurricane Fault is about 850 m at the north edge of the map, decreasing southward to about 510 m near the middle of the map, then increasing to more than 670 m at the south edge of the map (Billingsley, unpub. data a, b) . Strata on the down thrown side of the Hurricane Fault dip toward the fault plane as much as 20 degrees at some locations. The increase in dip toward the Hurricane Fault is considered by Hamblin ( 1965) to be reverse drag flexures associated with movement along the fault. Huntoon ( 1990) believes the Hurricane Fault overlies deep-seated reverse faults that folded the strata up-to-the-west during Late Cretaceous and Early Tertiary time producing a monoclinal flexure along the fault. The reverse drag scenario is adopted for this map.
Equal offset of the 3.6±0.18 Ma Bundyville basalt (Billingsley, 1997a) and underlying Mesozoic strata along the Hurricane Fault, 13 km south of this map area, indicate that extension along the Hurricane Fault began after deposition of the basalt. Approximately 380 m of the offset occurred before the basalt flow from Moriah Knoll cascaded over the Hurricane Cliffs. The basalt flow has since been offset 130m during the last 850,000 years (Billingsley, 1994f, unpub. data d) .
On the Colorado Plateau area of this map, several major and minor faults offset Tertiary and Quaternary basalt flows, as young as 1.6 Ma (Dutchman Draw Fault, northeast part of map), equally as much as underlying strata. Several younger Quaternary basalts are cut by faults, but are not offset as much as the underlying strata, which suggests that most, of not all of the faults on the Shivwits and Uinkaret Plateaus probably became active about 3.5 to 2 million years ago. All major and several minor faults on the Colorado Plateau show minor displacement of Quaternary alluvial deposits (Billingsley, 1993g, 1994g, unpub. data a, b, c, d, e) . A recent magnitude 5.6 earthquake southeast of St. George, Utah, September 1993 (Billingsley, unpub . data a; Pearthree, P.A., and Wallace, T.C., 1992) , indicates that tectonic activity continues today.
In the Basin and Range, Late Cretaceous and early Tertiary compression resulted in major_ folding, reverse faulting, and thrust faulting that produced the Virgin Mountains. This tectonism initiated a period of erosion and deposition in Paleocene(?), Oligocene, and early Miocene time. Eastwest extension during the late Miocene began to form the Mesquite Basin, the Grand Wash Trough, and the Grand Wash Cliffs (Hintze, 1986; Bohannon and others, 1993) .
The Grand Wash Fault, whose fault scarp forms the Grand Wash Cliffs, separates the Basin and Range province from the Colorado Plateau province. Movement along the Grand Wash Fault began in the early or middle Miocene (Bohannon and others, 1993) . Hobble Graben, a 240-m-deep structure near the Grand Wash Cliffs, formed as part of the associated extension of the Grand Wash Trough. Hobble Graben deepens and widens near its junction with the Grand Wash Fault, and its northwest strike aligns with the West Branch segment of the Grand Wash Fault system.
Offset along the Grand Wash Fault is very small in the vicinity of Black Rock Mountain but increases both northward and southward. Total offset is as much as 3,000 m near the Colorado River, south of this map area (Lucchitta, 1979) , and about 1,100 m at the north edge of the map area. At Black Rock Mountain, the displacement along the structure has been transferred to the West Branch Fault that splays westward from the Grand Wash Fault and the Sullivans Canyon Fault. Strata between the West Branch and Sullivans Canyon Faults and the Grand Wash Fault are nearly flat-lying.
The Piedmont Fault (Moore, 1972) separates the Virgin Mountains from the Mesquite Basin and is mostly buried by alluvial deposits. The fault trace can be observed as small fault scarps in the alluvial fans along the lower slopes of the Virgin Mountains. The total offset along the Piedmont Fault is as much as 6 km (Bohannon and others, 1993) .
Circular collapse structures, minor folds, and other surface irregularities on the Colorado Plateau are due to dissolution of gypsum and gypsiferous siltstone not only in the Kaibab, but also in the Toroweap and the lower part of the Moenkopi Formations. Some bowl-shaped depressions in the Kaibab Formation, characterized by inward-dipping strata, may be the surface expressions of collapse-formed breccia pipes originating from dissolution of the deeply buried Mississippian Redwall Limestone (Wenrich and Huntoon, 1989) . Such features were not observed in the Basin and Range part of the map.
Suspected breccia pipes have inward dipping strata and are marked on the map by a dot and the letter C. Some deepseated breccia pipes are known to be overlain by gypsum collapse features related to thinning by dissolution of gypsum within the Woods Ranch Member of the Toroweap Formation (Wenrich and others, 1997) . However, breccia pipes cannot be distinguished with certainty from shallow collapse structures on the plateaus caused by the dissolution of gypsum. The deep-seated collapse structures are potential hosts 3 for economic deposits of copper and uranium oxide minerals; whereas, the shallow structures are unlikely to be mineralized (Wenrich, 1985) .
The Hidden Mines are located on a breccia pipe in the Hermit Formation in Hidden Canyon (sec. 16, T. 36 N., R.13 W). The mine tailings contain copper minerals, but no production records are available. Minor amounts of uranium were reported in samples from cores drilled in 1982 by Pathfinder Mines (oral commun., 1991 ) . There are two small copper prospects on the Colorado Plateau within the map area. The prospect on the Shivwits Plateau (sec. 13, T. 38 N., Rs. 8 and 9 W.; Billingsley, 1994b ) is associated with a breccia pipe. The prospect on the Uinkaret Plateau (sec. 31, T. 38 N., R.10W.; Billingsley, 1993c) is not associated with a breccia pipe. Copper may have been hauled from the prospects, but no production records are available.
Thick-bedded gypsum occurs in the Toroweap and Kaibab Formations. Gypsum is being mined from the Harrisburg Member of the Kaibab Formation about 5 km south of Interstate Highway 15, north-central edge of the map area (sec. 25, T. 41 N., R. 13 W.). Also a thick pocket-of gypsum occurs within the upper Callville Formation and Queantoweap Sandstone north of the Virgin River (northwest corner of the map). A few quarries for sandstone are operated intermittently on Lost Spring Mountain (northeast quarter of the map).
Gypsum dissolution in the Harrisburg Member of the Kaibab Formation has resulted in small sinkholes and caves where the unit is exposed on the Colorado Plateau. The sinkholes are most common in the northern part of the Shivwits Plateau. The karst is Holocene and perhaps Pleistocene in age, because young alluvium partly fills many of the depressions and several depressions occur within alluviated valleys (Billingsley, 1993g, 1994g, unpub. data a, b, c, d, e (Billingsley, 1994f, 1997b (Billingsley, 1994g) . In Basin and Range, includes basalt flows defined by Bohannon and others (1991) , Bohannon and Lucchitta (1991) , Bohannon (1992) , and Lucchitta and others (1995a, b) (Beard, 1996) . About 62 m exposed along Virgin River Rainbow Gardens Member of the Horse Spring Formation (Miocene)-Named the Cottonwood Wash Formation by Moore (1972) , but because these rocks have close lithologic and stratigraphic similarity to the Rainbow Gardens Member of the Horse Spring Formation, this usage is followed herein as used by Bohannon ( 1984 (Longwell, 1949 Billingsley (1990a, b, c, d; 1991a, b) . Rock Canyon Conglomerate was proposed and abandoned by Gregory ( 1948 Gregory ( , 1952 , used by Nielsen and Johnson (1979) , and Nielsen (1986 Nielsen ( , 1991 . Timpoweap Member of the Moenkopi Formation is used in this report as used by Stewart and others (1972) . Unit as a whole thickens from west to east across map area and is largely confined to narrow deeper paleovalleys in western part of map, more widespread and confined to shallower paleovalleys in eastern part of map. Thickness ranges from 0 to as much as 110 m Basal members, Virgin Limestone Member and lower red member, undivided (Lower Triassic)-In Grand Wash Trough area, used where the Virgin Limestone Member and lower red member cannot be easily differentiated from one another or where one or more of those members are absent. Virgin Limestone Member; light olive-gray to light-gray, ledge-and slopeforming, aphanitic to very finely crystalline, thinly laminated limestone beds that range from about 10 em to 1 m thick, separated by brownish-gray, greenish-gray, and light olive-gray siltstone. Limestone beds contain marine fossils of crinoids, pelecypods, gastropods, cephalopods, worm trails, and crustaceans (Poborski, 1954 (Bohannon, 1991; Bohannon and others, 1991; Billingsley, 1997b (Bohannon and others, 1991) . Combined thickness about 70 m Hermit Formation (Lower Permian)-Consists of an upper steep-slope-forming, paleyellow to light-red, massive, calcareous, fine-grained sandstone, grading downward into a middle sequence of ledge-forming, interbedded white and light-red, mediumbedded, fine-grained sandstone and thinbedded red siltstone, grading downward into lower cliff-forming, white, crossbedded, medium-to fine-grained sandstone; lower part includes interbedded dark-red, thin-bedded, lenticular siltstone beds between cross-bedded sets. Most, if not all sandstone was originally a light-red color, later bleached to white or pale-yellow. Unit as whole is slope forming, coarse grained, and stratigraphically equivalent to Hermit Formation (Shale) in Grand Canyon. Unit changes south and west into a mostly red, medium-to fine-grained sand-
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stone and siltstone, and changes northwestward to an all white sandstone in the Virgin River canyon area (Billingsley, 1997b (Billingsley, 1970) , and thins northeastward to about 137 m along upper Hurricane Cliffs area (Billingsley, 1997b (Billingsley, 1997b) . Unit is 175 m thick along Hurricane Cliffs, northeastern part of map area, thinning southward to about 115m thick in central Grand Canyon (Billingsley, 1970) ; about 160m thick along Grand Wash Cliffs Queantoweap Sandstone (Lower Permian)-
In Virgin Mountains and Virgin River canyon (northwest quarter of map area): tan and white, fine-grained to very fine grained, medium-to thick-bedded (2 to 3m), crossstratified cliff-or ledge-forming sandstone. Includes pale-red, thin-bedded silty sandstone beds between cross-bedded sets in upper part. Cross-stratification includes mixed high-angle and low-angle crossstratified sets representing both eolian coastal or marine offshore dune environment. Locally includes gypsiferous facies of Bohannon and others ( 1991 ) . Locally confined to small area north of Virgin River canyon, northwest corner of map area: redbrown, red, gray-brown, and yellow-brown, silty, sandy, slope-forming gypsum. Gypsum comprises about 20 to 30 percent of unit. Bedding irregular and poorly defined. This is only place where gypsum is present in the Queantoweap Sandstone, Pakoon Limestone, and Callville Limestone regionally. May have once been more widespread, but, if so, has been removed from most areas by dissolution (Bohannon and others, 1991) . Gradational contact with underlying gypsiferous unit (PIPeg) and the upper Callville Limestone (PIPe), 0 to 100 m thick. The name Queantoweap Sandstone applies to the Virgin River canyon, Virgin Mountains, and Beaver Dam Mountains of southeastern Nevada and southwestern Utah 20 (Billingsley, 1997b Canyon (Martin and Barrick, 1999 (Bohannon, 1991; Bohannon and others, 1991 McKee and Resser ( 1945) , mapped by Bohannon ( 1991) and Bohannon and others (1991) . Upper third of unit consists of black to dark-gray shale that probably correlates to the Chisholm Shale of the Basin and Range; overlies dark-gray to reddish-gray, thin-bedded, iron-stained, ledge-forming limestone that is discontinuous on regional basis; weathers rusty brown; is about 10 m thick; may correlate to the Lyndon Limestone of the Basin and Range. Lower two-thirds of unit consists of black to dark-gray, slope-forming shale; weathers gray and light brown; contains interbedded yellow-brown, thin-bedded sandstone lithologically equivalent to the Tapeats Sandstone. Beds range from less than 1 em to about 5 em thick. Lower unit commonly covered by talus or alluvium. Lower unit may correlate in part to the Pioche Shale of Basin and Range. Arbitrary lithologic and topographic contact between slopes 22 of the Bright Angel Shale and cliffs of the Tapeats Sandstone. Unit overall thickens northwestward and thins southeastward, depending on arbitrary boundaries between the Muav Limestone and the Tapeats Sandstone. Thickness about 60 to 100 m £t Tapeats Sandstone (Lower Cambrian)-Pale-red and light-brown, fine-to mediumgrained, thin-bedded (5 to 50 em thick), well-sorted, cliff-forming sandstone and quartzite; weathers dark red and yellow brown. Upper part is yellow brown and lower part is reddish. Most beds have low-to moderate-angle cross-stratification. Upper part includes thin beds of greeP.-ish shale between sandstone beds that are equivalent to the Bright Angel Shale lithology. Variable unconformable contact with underlying crystalline rocks. Thickness ranges from about 65 to 80 m
Xc
Crystalline rocks, undivided (Early Proterozoic)-Gneiss, schist, and granitic rocks. Not studied in detail; description follows Moore (1972) . Garnet-biotite gneiss, garnet-sillimanite-biotite schist, gneissic hornblendite, granitic gneiss, amphibolite, and granitic and gabbroic intrusives. Locally dikes and sills of coarsely crystalline pink granite are abundant in gneiss and these masses closely follow grain of gneissic foliation and compositional layering. More or less concordant dike swarms of light-colored pegmatite containing quartz, feldspar, and muscovite are locally abundant. Exposed in Virgin Mountains of Basin and Range, northwest quarter of map area
